Soft electron precipitation in collaboration with ion upwelling is investigated as a possible driver of the cusp neutral density enhancement discovered by the CHAMP satellite. A time-dependent, three-uid numerical model is used to simulate the vertical ionospheric and thermospheric response for this type of event. Particle data from the FAST satellite from a single favorable conjunction alignment event with CHAMP are input to the model. Results are given which suggest that altitude-dependent neutral density enhancements accompany ion upwelling that is driven by soft electron precipitation. The enhancement mechanism is summarized as follows. Suciently soft electron precipitation transfers energy to the ambient electron gas, which subsequently undergoes a thermal (upward) expansion. This establishes a vertical ambipolar electric eld which pulls the ions upward. The momentum carried by up-owing ions is signicant and results show it to be capable of dragging neutral gas upward to create density structures above the F-region.
Introduction 1
Thermospheric dynamics, including the variability of neutral density, has 2 been studied theoretically and observationally for decades (see Prölss (1997) 3 and references therein). Regions of enhanced neutral densities are of prime 4 concern for the tracking of satellites and space debris. Due to the poor 5 coverage of density details by empirical models, large error margins must be 6 considered when predicting the orbits of these objects. In the case of Low- Due to the topic area involved, the above studies are primarily concerned 220 with the response of ions to soft electron precipitation. As such, they deal 221 primarily with plasma populations and not so much minimally with neutrals. Given that the "strong upward plasma expansion" described above travels 223 within a thermosphere dominated by neutral gas, it is reasonable to assume 224 that an upward expansion of neutrals may also occur. The cusp is a relatively 225 conned small-scale region which often encounters soft electron precipitation 226 and the subsequent ion upwelling. We propose that localized neutral density 227 is increased in this process and this could contribute to the cusp density 228 enhancements observed by CHAMP. This idea is explored in Section 3.
229
We also note that Alfvén waves, often associated with soft electron precipitation, (Fig. 4a ) and ion velocity (Fig. 5a ) have a more 431 complicated progression.
432
The rst set of plots (Fig. 4) 
461
The third plot (Fig. 5c) shows the resulting change in neutral density 4. Neutrals are dragged upwards at a modest pace but continue to accel-590 erate past the simulation run. (Fig. 5b and 5c ). Small neutral contri-591 butions from a lower altitude produce a noticeable density increase at 592 a higher altitude.
593
The rst three steps above have been described by other papers, for example 594 in the survey by Horwitz and Moore (1997 Fig. 4 , plots show 7 minutes of time evolution at 20.5 s intervals. At 800 km, ion vertical velocity evolves from to 2.35 km/s in about 2.7 minutes and then begins to lower velocities. At 100300 km neutral upward velocity and relative density change stabilize quickly, but at higher altitudes continue to increase proportional to time-squared.
